UNCLASSIFIED

AD NUMBER

ADO07577

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 30 SEP
1952. Other requests shall be referred to
Office of Naval Research, Arlington, VA
22203.

AUTHORITY

ONR ltr dtd 13 Sep 1977

THIS PAGE IS UNCLASSIFIED




e,
-~

Reproduced by -

Armed Services Technical Information Agency
DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHIO




e

ﬁ

e 8 g iy

AD No. Z5°7

i ¢

/

ASTIA  FiLE copy

(A contribution Zrom the H. Fletcher Browa Laboratory
of the University of Delaware)

Jhe Configuration of Same Dichlarecamphanes
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Abstract

. - D G . I At > - - - e - —— > -

The dipole soments of the compounds previously known as
bornyl dichloride and P chlorocamphane have been neasured. The con-
figurational relationships of the two chlorine atoms in each of
these compounds is deduced from these data and other counstiderstions.
The mechaniss of the reactions by shizh these substances are formed
18 clarified by knowledge of their respective configuratioas. Some
general conclusione say be inferred conceralag tae steric course of
and the transition states in the Wagner-feerwein and Nametcia re-
arrangeseats. Fvideace bearing on the relationship of the bornyl
and isobornyl configuratisns has alsy> dbeen deduced from these data.

-

The structuru of the prineipel dichlorination product of
¢\ pinene(I) described by Aschen asd others! has been identified as

1) 0. Aschea, Ber. 8}, 38
() o g::af 6021::. i 1§o, 1507 (1925)

- ——— —

————

2,68 dichlorocamphane on the basis of tricylene formation when tais
product is treated with sinc or sodlua. Although referred to by

v



Simonsen and others® as bornyl dichloride the previously reported

-

(2) J. L. Simonsen, THE TERPENES, Oxford University Press, 1949,

Vol. IT, p. 187
(See also reference (4))

- o a - -

evidence has not permitted a configurational assignment of the
chlorine atoms; {.e. whether exo or endo. We report here a basis
for distinction i1 the results of dipole moment measurements and a

comparisoa of these results with the values calculated for all
possidle configurstions. (See table I).

Table [

2,8 Dichlorecamphane (ILY)

Possible
Configuration u* Calculated u Observed
2X0-9X0 2.3 D
exo-endo 2.5 D
M 4.2 D 400 D
2,4 Dichlorqcanphane (XI)

2-¢%0 2.5 D 2.5D

— - -

#The dipole maments of bornyl aad isobornyl chlorides were deter-
ained (see experimental section) and found to be identical. This
value of the C-C1 dond aoment (2.1 D) was used in calculating the

moments of all possible configurutions.

-
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The sndo-endo configuration chosen as most consisteat
with the data holds particular interest for the followiag reasons.
Considering the method of formation of III from pinene, chlorin-
ation has resulted in a rearrengeaent of the carbon skeleton. A
bridged cation intermediate (see equation I) anslaogous to that
sugzested by Neville, De Salas and Wilson and others® to explain

(8, T. P. .."ll‘, E. Do Sales and C. L. ﬁlm, Jo. Chem. So0c.,
1168 (19%9). See also W. E. Doering Abstracts 115th meeting
of the Asericen Chemical Society, Chicago, Ill., April 1%-28,
%:;:i)’. 4L and S. Winstein et al, this Journal, 74, 1130

ths Wagner-lieorwein rearrangeaent of cemphene hydrochloride accounts
satisfactorily for the alteration of the carton skeleton during this

reaction.

It is seen from the purely gpde-endo configuretiocn of the
product, requiring, as it does, having added the elemeats of chlorine
from the same side of the molecule, that this confirms maiantenance
of coufiguretion at the site of reaction in the dridging catiean (II).
The product therefore arises only cu rearward displacesent of the
delocalised electron pair maiataining the configuration of the catioa
as indicated ia the structurel equation above. The operetion of
purely polar factors in this mechanisa has been inferred from the
observation of Henderscn sad Narsh® that 2,6 dichlorocasphene, as

(4) G. G. Readerson and J. E. Narsh, J. Chem. Soc. 119, 1492 (1921)




PENDIOPRES AR

1l

(o Cl
EQUATION |

.
. e e



"

$

would be expected in a polar halognation” also arises from the

“«ow - ——— - -

(S) M. J. S. Dewar, THE FLFCTRONIC THEORY OF ORGAIIC CHEMISTRY,
Oxford Univ. Press, (1349) p. 141 et seg.

- -— -

chlorinatisn of Of pinene in aqueous solation alongside of pinene

glycol and chlorohydrin.

The anda-enda configuration, deduced for 2,6 dichloro-
camphane would at first glance suggest that the elementg of chlorine
had added from the eado side aand this in twrn construed as a contra-
diction of the rule of exo addition substantiated in tne work of

Alder and Linstead and their coll:bontors.Q However, ia the re-

- - o ——-

(6) X. Alder and G. Stein, Ana,, 515, 161 (1935)
Ibid., 525, 185 (19%6)
R. Linstead et al, This Journal, 64, 1365 (1942)

e o - aon oa - _—

act‘ion mechanism -epresented in equation (1) initial attack at the
double dbond in X pineae by the electrophilic reagent has been de-
picted as occurring from the exo side of the molecule if one accepts
the unsubstituted methylene bridge as the freme of reference.
Curiourly, the exo addition reference disappears in forming the
prodact (IIf) which contalns only a disubstituted methyleae bridge.
This iateresting situation occurs often 11 the chealstry of O plaene.
Thus the structure of & pinene oxide obtaized’ by the actisn of

P R Rt —— -

(7) W. Prileschaev, Ber., 42, 4814 (1909)

— - ® -



perbensoic acid on (X plnens can be assigned as IV, in view of the
course of addition descrided above for the chlorination of (X pinene.
Indeed, the mechanisa of acid catalyzed rearrangement of this oxide
to VI obeerved by Arbusov® can be deduced in consonance with the

(8) B. "m’ Ber., 28-. 1450 (1955)0 We are indebted to Dr. W. E.
Doering for this suggestion.

sterochemical results of the chlorination veaction. (See oquati:on 2).
The formation of the bridged iom intermediate V in this rearraange-
ment, analogous to the formation of Il in equation (2), iavolves the
participation of the neighboring disubstituted methylene bridge
loeated trans and nearly coplanar with respect to the rupturing
oxonium ion bood. =~

Oftea, however, the course of addition to the doudble dond
1n O( pinene may be inferred by regarding the disubstituted methyleae
bridge as the frame of reference for exo attack by the electrophilic
resgeat. The additlon of hydrogen chloride to O pinene’ 15 o case

- - -

(9) 0. Aschen, Ber., 80, 2750 (1907), Ana., 387, 1 (1912)

in point where both the substituted and umsubstituted bridges simul-
taneously direct the course of sddition resulting in two different
reaction products. The mechanisa formulated in equation %) sppears
to afford an adequate explanation for sizultaneous formation of the
two products in terms of two differeat bridged ion intermediates;
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the one (VII) arising from the unsubstituted methylene bridge oriea-
tation leads to the prepoadersat product, borayl chloride (IX), the
other (VIII) arising from the disubstituted methylene bridge orien-
tation leads to the minor product, (X fenchyl chloride (X).

The fact that O fenchyl derivatives always accompany the
corresponding borayl derivatives obtained in addition reactions of
o plaens!® 1s best mderstood in terss of the equilibrium of & piaene

(10) M. Delepina, Compt. Read. 178, 2088 (198¢), 179, 175 (1924)

structures (I) and (I') and maintenance of configuretion i1 the
distinctive bridged ion latermediates (VII) and (VIII). The con-
figuretional relationship of bornyl and Offeanchyl structures has
been previously suggested by Bickel and coworkers.ll The mechanisa

(11) % !lllelul 8. Kindler and H. Wolowski, Ber., 77, 220 (1944).
s0 fi. Schmidt sad K. Todenh8fer SchimmeT Reports, 118,

(1987) and C. Xomppa and S. Beckmann, Ana., 522, 187 (1986)

depicted 1ia equation (3) is seen to De eatirely consistent with this
structurel relationship.

A second consequence of the configurational assignasat
(III) suggested here for bornyl dichloride bears on the long con-
tested question of whether a borayl structure corresponds to the
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£xo or endo configuration™® and vice versa for the isobornyl con-

(12) K. Alder and G. Stein, Ann. 514, 211 (1334)
H. Bode, Ber., 70, 1187 (1957)
G. Komppa snd G. A. Nyman, ibid., €9, 334 (19%6)
w. Hfickel, Die Chemie, 55, 227 (1342)

- a——

figuration.

ConSlderatloJ'of the chemical reactivity of 2,8 dichloro-
cumphane has heretofore suggested a relationship to the inertaess
of the borayl halides and prompted the name bornyl dichloride. The
present ends assiganent supports the view that s borayl configura-

tioa in a suitably substituted camphane 1s always endo.

?-Dichlorocuphune resulting from rearrangement of 2,9’
dichlorocanphaize witnh electrophilic reagents has been shown by Houben

and Pfankuch,l? to be 2,4 dichlorocamphane. The 2-gX0 structure we

——— - - -

(1%) J. Houben and E. Pfankuch, Ann., 501, 213 (193%)

have assigned to XI does not result from as ciear a choice of struc-
tures (see Table I) as was the case with (II[) since it is seen that
a 2-endo structure is not excladed by the dipole moment data. How-

ever, Houben and Pfankuch14 from considerations of optical activity

- e - -

A, T o~ ~ WA,

(14) J. Houben and F. Pfankuch, Aan., 489, 204 (1371). See also
reference (13).

@ w— A ~— - —
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of edichlorocmphnno have proven an isobornyl coafiguration for
the 2-chlorine atom. Since the evidence discussed above i1 con-
nection with the structure of 2,8 dichlorocamphane indicates that
the lsobornyl configuration is exo, ‘the 2~8x%0 model is chosen.

This selection is also consistent with the mechanisa represeanted

in equation 4 for the rearrangement reaction by which XI 1is formed.
A series of bridged cation iatermediates act to preserve the stereo-
chemical purit> of the reactioa product in auch the same sanner as
in the chlorination of & piaene. No less than three (XII, XIII,

and XIV) such bridged cations are involved in the rearrangement with
the remarkabdle result of a single stereoisomer as the product.

The steresochemlical course of the Wagner-leerwein and

luotunl"’ rearrangesents, which these examples illustrate, is thus

15) 8. Nametki Ottl, Je e Chem, (i1 » » ()
()u,sn(lgm pr. Chem. (i1), 124, 144 (1980); Ber

characterised by complete malatenaance of configuretion in dridged
ion intermedistes and by rearward displacement of the participating
bonds either by other participating electrom pairs located trens and
nearly coplmar with respect to the bridged loci, leading to aa
oquilibrium of such intermediates or ultisately by anions, leeding

to products.
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Experimental

Isaobarayl Chlaoride was prepared according to Meerwein and
van Blst.or.ls The product thus obtaized was recrystallized once from

-——

(16) H. Meerwein and K. van Emster, Ber., 55, 2526 (1322)

- - -

n-anyl alcohol (dried over caleciun oxide) and twice from nitromethane
(Fastaan white label dried over anhydrous calcium sulfate. m.p. 162°
(uncorr.). It was dried thoroughly i3 vacuun before use. Tne cam-
phene used in this synthesis was provided through the courtesy of

the Hercules Powder Company Experisental Station.

Borayl Chloride wus prepared by the addition of dry IiC1 to
X pinene (Hercules grade distilled over sodiun) accordiag to the pro-
cedure discussed by Thurber and Thielke.l? It was recrystallized

D et A @ P P g

(17) F. H. Thurber aad R. C. Thielke, This Journal, 5%, 1332 (123%1)

———-— - — - - - - -

twice from low boiling 20-50° petrolew: ether (distilled from sodium)
®
m.p. 1512 (uncorr.) and stored in a vacumm desiccator over calcium

chloride before use.

€ab mcmorommml 8 was prepared accordiag to the method

- ——— - - . -

(18) This preparation was carried out by Mr. Donald Pascale and Nr.
Lloyd Xaplaa,

of Aaschen.l Tor dipole momeat measurements it was recrystallized
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three times fron absolute ethanol and stored in a vacuum desiccator

o
over calciun chloride before use. m.p. 170-171 (uncorr.).

2,4 Dichlaorocamphane was prepared from synthetic camphor
(U0.S.P. du Pont) by the procedure suggested by Doering and Schoene-
waldt.lg The product was recrystallized twice from absolute methanol

(19) :. E.)Doering and E. F. Schoenewaldt, This Jouraal, 78, 232%
1951

——

saturated with dry hydrogen chloride and stored i2 a wvacuum desic-

cutor over calcium chloride before use. m.p. 178° gec. (uncorr.).

Dipgls Moment Meaguremeats

Pure, dry carbon tetrachloride used as the solvent in these
experiaents was prepared fron C. P. Baker grade by the aethod of

Vogel.20

- - - -

(20) A. I. Vogel, TFXTBOOX OF PRACTICAL ORGANIC CHENISTRY, Longmans
Green Co., 1351, p. 174-5

The dipole moments were computed from the data tabulated

in tables II, IIL and TV by the method of Guggenheia®l uslag the

P adan e — -

(21) E. A. Guggenhelm, Truns. Farsd. Soc., 45, 714 (1949)
J. W. Smith, ibid., 48, 234 (1350)
F. A. Guggenhein, ibid., 47, 578 (1251)

fem em-

pe— A A

equation:

th
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- SgT
A = 0.0222 ((e - 2)(',% ) 2))’ where

A = the dipole moment in Debyes

So = slope of the plot in the accoapanying figures
I, IT and III
T = absolute tempersture |
€, = dielectric of solvent; € = dielectric of solition
No = refractive lndex of solvent; /) refractive index of solutfon

Analysis of the error introduced by using this siaplified computation

according to the suggestion of Pulet22 indicates that an error of no

(22) s. R. Pallt, This Journal, 74, 2952 (1952)

B R

greater than § per cent could arise by ignoring consideration of the
soliation densities in the results reported here. This magnitude of
poesible error lies beyond the limit which would have significance

in our considevations above.
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(Moles/C7)104

6.989
3.494
1.747
2.974
a.oy\)

(uoles/cc)lo‘

10.046)
5.7235
2.5117
1.25868
0.00%0

18

Dipole Maoment Data

Isoborayl Chloride

2.6121
2.4187
2.%208
2.272%
2.228)

Borayl Chloride

2.79%2
2.8712
2.3680
2.2963
2.2289

Table

Table

2,6 Dichlorocamphane

Mole £

1.51
2.%
4.11
6.95
o.m

2.5180
2.5534
$.0242
8.4015
2,2372

Tadle

2,4 Dichlorocasphane

(Holes/cc)los

4.5)94
2.2547
1.1274
0.5687
J.000

2.566

2,%319
2.3094
2.2687
2.2524

I

So = -0525
1.4618 2.135%
1.4594 2.1238
1.4594 2.1263
1.4579 2.1255
1.4574 2.1240

So * +0555
1.4626 2.1232
1.4802 2.1522
1.4588 2.1281
1.4581 2.1261
1.4574 2.1240

I

Se = -135 x 10°

1.4594 2.1238
1,4607 $.1836
1.4651 2.1426
1.4548 2.1456
1,4575 2.124%
v

s° = 702)5 X 102

1.4629 2.1542
1.4597 2,1%37
1.4588 2.1281
1.4538 2.1266
1.4578 2.1252

0.478
0.287
0.194
0.147
0.101

0.654

0.%78

0.2%87
0.179
0.191

0.415
0.520
0.8%4
1.258
0.11%

0.4%1
0.261
0.181

0.142
0.197
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